Exact Space-Time Gauge Symmetry of Gravity, Its Couplings and
  Approximate Internal Symmetries in a Total-Unified Model by Hsu, Jong-Ping
ar
X
iv
:1
30
9.
44
45
v1
  [
he
p-
th]
  1
7 S
ep
 20
13
Exact Space-Time Gauge Symmetry of
Gravity, Its Couplings and Approximate
Internal Symmetries in a Total-Unified Model
Jong-Ping Hsu∗
Department of Physics,
University of Massachusetts Dartmouth,
North Dartmouth, MA 02747-2300, USA
October 10, 2018
Gravitational field is the manifestation of space-time translational (T4) gauge
symmetry, which enables gravitational interaction to be unified with the strong
and the electroweak interactions. Such a total-unified model is based on a gen-
eralized Yang-Mills framework in flat space-time. Following the idea of Glashow-
Salam-Ward-Weinberg, we gauge the groups T4 × (SU3)color × SU2 × U1 × U1b
on equal-footing, so that we have the total-unified gauge covariant derivative
δµ = ∂µ − igφ
ν
µpν + igsG
a
µ(λ
a/2) + ifW kµ t
k + if ′Uµto+ igbBµ. The generators of
the external T4 group have the representation pµ = i∂µ, which differs from other
generators of all internal groups, which have constant matrix representations.
Consequently, the total-unified model leads to the following new results: (a) All
internal (SU3)color, SU2, U1 and baryonic U1b gauge symmetries have extremely
small violations due to the gravitational interaction. (b) The T4 gauge sym-
metry remains exact and dictates the universal coupling of gravitons. (c) Such
a gravitational violation of internal gauge symmetries leads to modified eikonal
and Hamilton-Jacobi type equations, which are obtained in the geometric-optics
limit and involve effective Riemann metric tensors. (d) The rules for Feynman
diagrams involving new couplings of photon-graviton, gluon-graviton and quark-
gaviton are obtained.
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1 Introduciton
In previous papers, we have discussed electroweak and strong sectors of
a unified model involving Yang-Mills gravity with space-time translational
gauge group T4 based on flat space-time.[1, 2] We show that an experimen-
tally consistent model, which unifies Yang-Mills gravity and other forces in
nature, can be formulated on the basis of a gauge invariant action under lo-
cal space-time translations. For the motion of classical objects, eikonal (or
Hamilton-Jacobi type) equations are derived from T4 gauge invariant wave
equations of bosons and fermions in the geometric-optics limit, and they
contain ‘effective Riemannian metric tensors.’ The emergence of ‘effective
curved space-time with Riemannian metric tensors’ in (and only in) the
geometric-optics limit of wave equations is essential for Yang-Mills grav-
ity to be formulated in flat space-time and consistent with experiments.
This approach brings gravity back to the arena of gauge field theory and
quantum mechanics in flat space-time.[3, 4]
In this paper, we step back and look at the big picture of all possible
interaction forces in nature and explore the most general implications of a
total-unified model based on a generalized Yang-Mills framework, which can
accommodate both internal and external gauge groups in flat space-time.
We know that the electromagnetic and weak interactions have been unified
based on a gauge invariant action with the internal gauge groups SU2 ×
U1.[5] And the strong interaction can also be described a gauge field theory,
i.e., by quantum chromodynamics with internal color SU3 groups. Apart
from these well-known forces, there may be other forces of gauge fields
related to, say, accelerated cosmic expansion[6, 7] and quark confinement.[8]
For example, the cosmic repulsive force due to a gauge field works if and
only if there is not much anti-matter in the observable universe. Moreover,
such a force should be much weaker than gravity within the solar system
and our galaxy, but its repulsive force between two galaxies should become
stronger than the gravitational force. We have discussed a modified Lee-
Yang U1b baryonic gauge field, which satisfies a gauge invariant fourth-order
differential equation and has a linear static potential.[8] Such a modified
Lee-Yang model predicts a constant acceleration for the expansion of the
universe, provided the observable universe are dominated by baryon matter.
Thus, it appears to suggest that all known interactions can be understood
on the basis of gauge symmetries and, hence, can be unified, similar to the
unification of the electromagnetic and weak interactions.
At the first glance of the total-unified model by gauging the groups,
T4 × (SU3)color × SU2....., one may get the impression that, in the total
covariant derivative, various gauge fields with their coupling constants and
group generators are simply juxtaposed, without any true integration. How-
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ever, such a total-unified model without any true integration is probably
all what one can do in the physical world as we know it. The reasons are as
follows: (i) Mathematically, it appears to be very unlikely that one can fur-
ther unified these external and internal gauge symmetries in one single Lie
group. (ii) The usual asymptotic freedom and running coupling constants
in non-Abelian gauge theories are no longer true in the total-unified model,
which is not renormalizable by power counting because the gravitational
interaction has the dimensional coupling constant g. The asymptotic free-
dom of non-Abelian gauge theories hold only when one ignores gravity. But
no physical particle in nature can escape from the gravitational interaction.
Therefore, it is very unlikely that all different interactions can be unified
at extremely high energies with one single coupling constant. Nevertheless,
the total-unified model involving Yang-Mills gravity[9, 10] is interesting be-
cause it leads to a new understanding of physics that gauge symmetries
dictate all particle interactions[11] and can make new predictions to be
tested experimentally.
2 Total unification of all interactions and gauge
curvatures
Based on previous discussions of Yang-Mills gravity,[9] a total-unified group
Gtu in flat space-time, consistent with experimentally established conser-
vation laws, appears to be[1, 2]
Gtu = T4 × [SU3]color × {SU2 × U1} × U1b, (1)
where, if one wishes, the leptonic conservation law can also be included
in (1) with an additional leptonic U1 group. The mathematical struc-
ture of the leptonic gauge field is identical to that of the baryonic gauge
field, so we shall not consider it here. In the total-unified model, the total
gauge covariant derivative δµ in general frames (inertial and non-inertial) of
reference[4, 9, 12] (with the Poincare´ metric tensor Pµν and the associated
covariant derivative Dµ) is assumed to take the form (c=h¯=1)
δµ = Dµ + gφ
ν
µDν + igsG
a
µ
λa
2
+ ifWmµ t
m + if ′Uµto +
igb
3
Bµ, (2)
where tm, m = 1, 2, 3, are SU2 generators in general and to (weak hy-
percharge) is the U(1) generator.[5] In the limit of zero acceleration, all
non-inertial frames reduce to inertial frames,1 and the T4 generators have
1The Poincare´ metric tensor Pµν reduces to the Minkowski metric tensor ηµν =
(1,−1,−1,−1) in the zero acceleration limit. For example, the non-vanishing Poincare´
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the familiar representation pµ = i∂µ. The T4 generator differs from the
generators of all other internal gauge groups, which have constant matrix
representations.
There are five independent gauge coupling constants: gs, gb, f and f
′
are dimensionless, and g has the dimension of length because the T4 gen-
erator pµ = i∂/∂x
µ has the dimension of (1/length) in natural units. A
basic difference between gravity and, say, electrodynamics is as follows:
The electron and the positron have the same attractive gravitational force
characterized by one coupling constant g. However, they have different elec-
tromagnetic forces (i.e., attractive and repulsive), which are characterized
by two dimensionless coupling constants ±e. This difference stems from the
absence of an ‘i’ in the T4 term involving −igφνµpν = gφνµ∂ν in (2). This
property also indicates that gravity described by φµν is the manifestation
of the translational gauge symmetry in flat space-time.
The gauge curvature associated with each individual group can be ob-
tained by calculating the commutator of the covariant derivative defined
in (2). The commutator of the total-unified gauge covariant derivative δµ
defined in (2) is given by
[δµ, δν ] = CµνσD
σ + igsG
a
µν
λa
2
+ ifW kµνt
k + if ′Uµνto + i
gb
3
Bµν , (3)
where the T4 gauge curvature Cµνσ is given by
Cµνα = JµσD
σJνα − JνσDσJµα = ∆µJνα −∆νJµα = −Cνµα, (4)
∆µ = JµνD
ν , Jµν = Pµν + gφµν , φµν = φνµ = Pνλφ
λ
µ,
where ∆µ is the T4 gauge covariant derivative in arbitrary coordinates with
metric tensors Pµν within flat space-time. The modified color SU3 curva-
ture Gaµν is given by
Gaµν = J
σ
µDσG
a
ν − JσνDσGaµ − gsfabcGbµGcν , (5)
where a, b, c = 1, 2, ...8, and the structure constants fabc are completely
anti-symmetric.[5] The modified SU(2)× U(1) gauge curvatures Wµνi and
Uµν , in the presence of the gravitational gauge potential, are given by
W iµν = J
σ
µDσW
i
ν − JσνDσW iµ − fǫijkW jµW kν , (6)
Uµν = J
σ
µDσUν − JσνDσUµ, Jσµ = δσµ + gφσµ, (7)
metric tensors Pµν for a class of frames F (w, x, y, z) with constant linear accelera-
tion αo take the form: Pµν = (W 2,−1,−1,−1), where W 2 = γ2(γ
−2
o + αox), γ =
1/
√
1− β2, γo = 1/
√
1− β2o , β = αow+βo.[12] For a more general case such as frames
with arbitrary linear accelerations, see ref. 4.
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where i, j, k = 1, 2, 3, for the SU(2) group. The modified U1b gauge curva-
ture Bµν associated with the baryon charge is found to be
Bµν = J
σ
µDσBν − JσνDσBµ, (8)
in the presence of gravity.
Let us consider the physical implications of the total-unified model due
to the presence of gravity. For simplicity, we use inertial frames with the
metric tensor Pµν = ηµν and Dµ = ∂µ. We first note that all these modified
gauge curvatures (5)-(8) reduced to the usual gauge curvatures in quantum
chromodynamics, electroweak theory and U1b gauge theory in the limit
g → 0, or Jσµ → δσµ . (9)
In particular, since SU2 and U1 gauge transformations are the same as
those in the Weinberg-Salam theory,[5] the local gauge transformations for
W iµ(x) and W
i
µν(x) are given by
W
′i
µ (x) = W
i
µ(x) +
1
f
∂µω
i(x) + Cijk ωj(x)W kµ (x), (10)
W
′i
µν(x) = W
i
µν(x) + C
ijk ωj(x)W kµν (x), for g = 0 (11)
where
W iµν = ∂µW
i
ν − ∂νW iµ − fǫijkW jµW kν (12)
for SU2 gauge curvature.[5]
3 Very small violations of U1, SU2 and SU3
gauge symmetries due to gravity
First, we note that, under the U1b gauge transformation, we have
B′µ(x) = Bµ(x) + ∂µΛ(x),
B′µν(x) = Bµν(x), ∂λB
′
µν(x) = ∂λBµν(x), for g = 0. (13)
Thus, in the absence of gravity, i.e., g = 0, both Bµν(x) and ∂λBµν(x) are
gauge invariant. Both the quadratic forms L1 = −(1/4)Bµν(x)Bµν (x) and
L2 = (−L2s/4)∂λBµν(x)∂λBµν(x) can be used as the invariant Lagrangian
of the baryonic gauge field. The Lagrangian L1 was originally discussed by
Lee and Yang to understand conservation of the baryon number.[6] Such
a baryonic field is identical to the electromagnetic field, except that the
original Lee-Yang force for baryons is much weaker than the gravitational
5
force, so that it has no other observable effects in physics. We shall assume
the modified gauge invariant Lagrangian L2 for the baryonic gauge field
because it leads to a linear static potential for the baryonic gauge field and
it can have cosmological implication on the accelerated expansion of the
universe involving baryon matter.
However, in the presence of gravity, the gauge curvature Bµν is modified
to have the form (8) when g 6= 0. Under the U1b gauge transformation,
instead of (13), we obtain
B′µν = Bµν + J
σ
µ∂σ∂νΛ(x)− Jσν ∂σ∂µΛ(x) 6= Bµν . (14)
Thus, the modified gauge curvature Bµν in (8) has a very small violation of
U1b gauge invariance due to gravity. Similar non-gauge invariance happens
to the SU2 and SU3 gauge curvature. As a result, there are very small
violations of the internal gauge symmetries in all gauge curvatures (5)-(8)
due to gravity.
Such an extremely small violation of internal gauge symmetries due
to gravity is intimately related to the property that all gauge fields and
generators associated with the groups T4, SU3, SU2 and U1 are on equal
footing in the total gauge covariant derivative δµ in (2), just like that in
the SU2 × U1 electroweak theory. This ‘equal footing’ of all gauge fields
in (2) leads to the simplest coupling between gauge fields and should be
considered as a basic postulate of total-unification of external and internal
gauge symmetries in the model.
Gauge transformations of internal groups SU2 and U1, etc are well-
known.[5] Some of them are discussed in equations (10)-(13). However,
the T4 gauge transformations are more involved because the (infinitesimal)
local and arbitrary space-time translations,
x′µ = xµ + Λµ(x), (15)
are, simultaneous, also the general coordinate transformations with arbi-
trary infinitesimal function Λµ(x). Thus, the T4 gauge transformations for,
say, vector and tensor fields2 are formally the same as the Lie variation
of tensors. Under the infinitesimal T4 gauge transformations in flat space-
time,[9] we have
S$(x) = S(x)− Λσ(x)∂σS(x)
Φ$µ(x) = Φµ(x) − Λσ(x)∂σΦµ(x) − φσ(x)∂µΛσ(x), (16)
φ$µν(x) = φµν(x)− Λσ(x)∂σφµν(x)− φµσ(x)∂νΛσ(x)− φσν(x)∂µΛσ(x),
2For generality, in the rest of this section, we shall consider arbitrary coordinates
associated with the Poincare´ metric tensor Pµν in a general frame of reference within
the flat space-time
6
and so on, where Λµ(x) denotes infinitesimal and arbitrary vector functions.
Furthermore, we assume that the tensor gauge field φνµ(x) is an electrically
neutral field and an iso-scalar, so that the T4 gauge potential φ
ν
µ does not
transform under SU3, SU2 and U1 gauge transformations.
To see the exact invariance of the total-unified action functional Stu =∫
Ltu
√−Pd4x, where P = detPµν , in a general reference frame (inertial
and non-inertial) with arbitrary coordinates associated with Poincare´ met-
ric tensor Pµν ,[9, 12] we first note that the total-unified Lagrangian Ltu is
a scalar function by construction with the gauge curvatures given by equa-
tions (4)-(8) in arbitrary coordinates. Thus it transforms the same as a
scalar S(x) in (16). One can show that
√−P transforms as follows,
√
−P $ = [(1− Λσ∂σ)
√
−P ](1− ∂αΛα), (17)
where we have used the last relation in (16).[1] We have
S$tu = Stu −
∫
[∂λ(Λ
λLtu
√
−P )d4x = Stu, (18)
where the divergent term inside the four-dimensional volume integral does
not contribute because it can be transformed into the integral of a vector
over a hypersurface on the boundaries of the volume of integral where fields
and their variation vanish. Therefore, the total-unified action Stu is exactly
invariant under the infinitesimal T4 gauge transformations (16). In contrast,
all other internal gauge symmetries have a very small non-invariance in their
gauge curvatures due to the presence of gravity in the total-unified model,
as we have discussed previously.
4 Feynman-Dyson rules in the strong sector
(chromogrvity)
The rules for Feynman diagrams without involving gravitons in the usual
electroweak theory and quantum chromodynamics (QCD) are well-known.[5]
The rules in pure Yang-Mills gravity were obtained and discussed.[13]
In the following discussions, we shall consider the total-unified model in
inertial frames for simplicity. Within the generalized Yang-Mills framework
in inertial frames with Pµν = ηµν , all covariant derivatives Dµ in (2)-(8)
are replaced by ∂µ. As usual, the total-unified Lagrangian is assumed to
be quadratic in gauge curvatures,
Ltu = Lφ + LG − 1
4
(WµνkW kµν + U
µνUµν),
7
−1
4
L2s∂λBµν∂
λBµν + Lmatter + LH , (19)
Lφ =
1
4g2
(
CµναC
µνα − 2C αµα Cµββ
)
, (20)
LG = −1
4
GaµνGaµν , (21)
where the Lagrangian LH in (18) involves Higgs scalar doublets and their
couplings. The Lagrangian Lmatter will be discussed later in section 6. It
contains spinor quarks with three colors and six flavors and their interac-
tions with gauge fields.[5, 1, 2]
We now use the total-unified Lagrangians (19) to write down the Feynman-
Dyson rules for the interactions of gravitons, gluons and quarks. Although
these are conventionally referred to as the Feynman rules,[14] we choose
to refer to them as the Feynman-Dyson rules in this total unified model
because the intuitive Feynman rules for calculating the invariant amplitude
(a Lorentz scalar) are inadequate for higher-orders. It was Dyson’s rigor-
ous derivation and elaboration of the rules that allowed their application to
complicated and higher-order interactions in quantum Yang-Mills gravity
and in Kinoshita’s higher-order corrections to the magnetic moment of the
electron in quantum electrodynamics.[15, 16]
Let us consider the general propagator for the graviton corresponding
to the general gauge-fixing terms
Lξζ =
ξ
2g2
[
∂µJµα − ζ
2
∂αJ
λ
λ
] [
∂νJνβ − ζ
2
∂βJ
λ
λ
]
ηαβ . (22)
From (19) and (22) with ζ = 1 and ξ = 2 , we obtain the following simple
propagator for the graviton Gαβρσ ,
Gαβρσ =
−i
2k2
[
(ηαβηρσ − ηραησβ − ηρβησα)
]
, (23)
where the usual prescription of iǫ for the Feynman propagator (23) is un-
derstood. In this paper, it should always be understood as being done, even
when the iǫ is not explicitly included in the propagators. The propagator
(23) has been discussed by DeWitt and the gauge condition specified by (22)
with ζ = 1 and ξ = 2 may be called the DeWitt gauge.[17] The result (23)
is consistent with that obtained in previous works by Leibbrandt, Capper
and others in general relativity.[18, 19, 20] As an aside, the overall factor of
(1/2) in the graviton propagators (23) is necessary for Yang-Mills gravity
to be consistent with its T4 gauge identity—a generalized Ward-Takahasi
identity for the Abelian group T4 with ghosts and to be consistent with the
Slavnov-Taylor identity.[21]
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We now consider the Feynman-Dyson rules for graviton interactions
corresponding to iLG in (21). The gluon and graviton momenta in the
Feynman-Dyson rules are in-coming to the vertices. Suppose the 3-vertex
for gluon-gluon-graviton is denoted by (Gµa(p)Gνb(q)φαβ(k)). The gluon-
gluon-graviton 3-vertex is
igδab
(
pαqβηµν + pβqαηµν − pνqβηµα − pβqµηαν
)
(αβ)
. (24)
We use the symbol (αβ) to denote that a symmetrization is to be performed
on the index pair (αβ).
The 4-vertex for gluon-graviton coupling, (Gµa(p)Gνb(q)Gσc(k)φαβ), is
given by
iggsf
abc
(
pβηµσηνα − pβηασηµν − qβηµαηνσ
+ qβηασηµν + kβηµαηνσ − kβηµσηαν)
(αβ)
(25)
where fabc is the completely anti-symmetric structure constant of the color
SU3 group. There is another 4-vertex for 2-gluon and 2-graviton coupling,
denoted by (Gµa(p)Gνb(q)φαβφγδ), which is given by
ig2δab
(
pβqδηµνηαγ + pδqβηµνηαγ
−pβqδηµγηνα − pδqβηαµηνγ)
(αβ)(γδ)
, (26)
where both index pair (αβ) and (γδ) are to be symmetrized.
5 New photon-graviton couplings
In this section, let us consider the Feynman-Dyson rules for new graviton-
photon interactions in the QED sector implied by the matter Lagrangian
Lmatter in (15). The Lagrangian Lγ with new graviton-photon coupling
can be derived from the gauge boson terms involving Wµνa and Uµν in
(19) and is given by[1, 5]
Lγ =
−1
4
FµνF
µν , (27)
Fµν = Jµσ∂
σAν − Jνσ∂σAµ, Jµσ = ηµσ + gφµσ,
where Aµ is the electromagnetic potential and Fµν is the modified elec-
tromagnetic field strength in the presence of gravity. The 3-vertex for the
photon-graviton coupling is denoted by (Aµ(p)Aν(q)φαβ(k)) and given by
ig
(
pαqβηµν + pβqαηµν − pνqβηµα − pβqµηαν
)
(αβ)
. (28)
9
We use the symbol (αβ) to denote that a symmetrization is to be performed
on index pair (αβ). All photon and graviton momenta are incoming to the
vertex.
The 4-vertex for the photon-graviton coupling, (Aµ(p)Aν(q)Aσ(k)φαβ),
is given by
ig2
(
pβqδηµνηαγ + pδqβηµνηαγ
−pβqδηµγηνα + pδqβηαµηνγ)
(αβ)(γδ)
, (29)
where both index pair (αβ) and (γδ) are to be symmetrized.
6 The matter Lagrangian for quarks, leptons
with gravitons
Let us now consider the interactions of gravitons with quarks and leptons.
As usual, we denotes left-handed and right-handed fermions (weak interac-
tion or gauge eigenstates) as follows:
L :
(
νe
e
)
L
(
νµ
µ
)
L
(
ντ
τ
)
L
.....
R : eR µR τR .....
QL :
(
u
d
)
L
(
c
s
)
L
(
t
b
)
L
.....
QR : uR cR tR ....
Q′R : dR sR bR ....
By definition, the SU3 generator gsλ3/2 has eigenvalues: +gs/2 for the red
quark doublet and the green antiquark singlets; −gs/2 for the green quark
doublet and the red antiquark singlets; and zero for all other left-handed
fermions.[22, 23]
In this total-unified model in inertial frames, the action Stot is assumed
to be
Stu =
∫
d4x Ltu, (30)
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where Ltu is given by (19), in which the matter Lagrangian Lmatter involv-
ing quarks and leptons is given by
Lmatter = L iγ
µδµL+R iγ
µδµR+QL iγ
µδµQL (31)
+QR iγ
µδµQR +Q′R iγ
µδµQ
′
R,
where we have suppressed the family index. Let us concentrate on the
coupling of gravitons and fermions in the total-unified model. The total
gauge covariant derivatives δµ applied to fermion fields give the results,
(δµQL)fm =
[
δfhδmj(∂µ + gφ
ν
µ∂ν + if
′Uµt
o + igbBµ)
+δfh(ifW
k
µ t
k)mj + (igsG
a
µ
λa
2
)fhδmj
]
(QL)hj , (32)
(δµQR)f =
[
δfh(∂µ + gφ
ν
µ∂ν + if
′Uµt
o + igbBµ)
+(igsG
a
µ
λa
2
)fh
]
(QR)h, (33)
(δµQ
′
R)f =
[
δfh(∂µ + gφ
ν
µ∂ν + if
′Uµt
o + igbBµ)
+(igsG
a
µ
λa
2
)fh
]
(Q′R)h, (34)
(δµL)m =
[
δmj(∂µ + gφ
ν
µ∂ν + if
′Uµt
o + igbBµ)
+(ifW kµ t
k)mj
]
(L)j , (35)
δµR =
(
∂µ + gφ
ν
µ∂ν + if
′Uµt
o + igbBµ
)
R, (36)
where the eight [SU3]color generators are represented by λ
a/2, a=1,2,...8,
(i.e., the Gell-Mann matrices) with the normalization, Tr(λaλb) = 2δab; tk
are the SU2 generators in general (while their fundamental representation is
denoted by τk/2); and to is the hypercharge generator of the U1 group.[5, 23]
In the absence of gravity and baryon field (i.e., g = gb = 0), the matter
Lagrangian (31) reduces to the corresponding results in Weinberg-Salam
theory and quantum chromodynamics.[23] In general, it is lengthy to write
down the results in terms of physical leptons and quarks. Let us consider the
Feynman-Dyson rules for the couplings of graviton-leptons and graviton-
quarks in the matter Lagrangian (31). For example, the Feynman-Dyson
rules for the quark-graviton 3-vertex (q(k)q(p)φµν ), is given by
i
2
gγµ(pν + kν)(µν), (37)
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where q(p) may be considered as an annihilation operator of a quark with
momentum pν , and q(k) may be a creation operator of a quark with the
momentum kν .
The electron-graviton 3-vertex with (e(q)e(p)φµν (k)) has the same form
as (37),
i
2
gγµ(pν + qν)(µν), (38)
where the electron in the Lagrangian has been symmetrized.[13] Note that
e(p) may be considered as an annihilation operator of an electron with
momentum pν , and e(q) is considered as a creation operator of an electron
with the momentum qν .
We may remark that the total Lagrangian (19) is gauge invariant under
the SU3 × SU2 × U1 × Ub1 only in the limit g → 0, i.e., the absence of
gravitational interaction. In general, the total action (30) is an exactly
gauge invariance under local space-time translational gauge group. All
internal gauge symmetries such as SU3, SU2 and U1 are only approximate
in the presence of gravitational interaction. The physical effects of these
violations are in general too small to be detected in laboratory, unless a
macroscopic object such as the sun or a galaxy is involved, as we shall see
in the next sections.
7 Experimental tests of Lee-Yang force for
accelerated expansion of the universe
An interesting question is: Can the accelerated expansion of the universe be
understood within the total-unified model? This great enigma challenges
the power of Yang-Mills idea of gauge symmetry.
A linear potential and its effect on the accelerated expansion of the
universe have been discussed.[7] Here we summarize the result in the context
of total-unified model. First, we observe that the result (13) implies that
the gauge invariance of ∂λBµν enable us to construct an alternative gauge
invariant Lagrangian LAE for involving up and down quarks and baryonic
gauge field Bµ
LAE = −L
2
s
4
∂λBµν∂
λBµν + Lud, (39)
Lud = iuaγµ(∂
µ − igb
3
Bµ)ua −muuaua + (u→ d),
where the color index a is summed from 1 to 3.
For accelerated expansion, let us ignore the gravitational fields for sim-
plicity and concentrate on the baryonic gauge fields and the associated
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Lee-Yang force. The new gauge-invariant field equation derived from (39)
is a fourth-order partial differential equation, ∂2∂νB
νµ − g′bJµq = 0, where
g′b = gb/(3L
2
s), and the source of the gauge field is J
µ
q = unγ
µun+ dnγ
µdn.
For the static case, the potential field B0 satisfies the fourth order differ-
ential equation
▽2 ▽2 B0 = − gb
3L2s
J0 ≡ ρB. (40)
Suppose we impose a ‘Coulomb-like gauge’ ∂kB
k = 0, the static exterior
potential satisfies the equation ▽2 ▽2 B0 = 0. The solution for such a
potential is not unique, one has Bo = A′/r, or B′r or C′r2. It turns out
that only the solution B′r can be understood as due to the exchange of
virtual quantum described by the fourth order field equation. The reason
is as follows:
From the viewpoint of quantum field theory, the fermion (baryon) source
ρB in (40) is represented by the usual delta-function because these fermions
satisfy the Dirac equations. Based on this property, the solution for the
potential B0 should be proportional to r rather than r
2 or 1/r. This result
can be seen explicitly by substituting ρB(r) = g
′
bδ
3(r) in (40), where g′ =
gb/(3L
2
s) for quarks (and g
′ = gb/(L
2
s) for protons and neutrons). We obtain
a linear potential in the static limit,
B0(r) = g′b
∫
∞
−∞
1
(k2)2
eik·rd3k = − g
′
b
8π
|r|, (41)
which can be understood as a generalized function.[24] This linear potential
(41) could produce a constant repulsive Lee-Yang force between baryonic
galaxies.
The equation of motion of a freely moving test particle in the Newtonian
limit is changed to the following form[7]
d2r
dt2
= g+ gLY , (42)
where g is the gravitational acceleration produced by the distribution of or-
dinary matter,[25] while the constant acceleration gLY is due to the modi-
fied Lee-Yang’s baryon gauge field.[7] This constant repulsive force between
baryon matters in the universe is the characteristic feature of the modified
cosmic Lee-Yang force. If one uses Einstein’s field equation with a cosmo-
logical constant one will have the result that the acceleration of expansion
depends linearly on the distance between two galaxies.[25, 7] Thus, a crucial
question is whether the acceleration in the expansion of the universe is a
constant or dependent of distance. Since we have accelerated Wu transfor-
mations of space-time, which gives new Doppler shift for radiation source
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with constant acceleration,[12] it is hoped that experimental test of (42)
can be carried in the near future.
Because of the extreme weakness of the coupling strength of the baryonic
gauge field Bµ, its existence cannot be detected in the solar system and in
our galaxy, it may be fitting to call it a “dark field.” However, the sources
of such a dark field are the ubiquitous baryonic matter rather than some
mysterious ‘dark energy’ in the universe. This dark field model suggests
that the accelerated cosmic expansion could be understood in terms of a
modified Lee-Yang force produced by a baryonic gauge field. Thus, the
Lagrangian (39) for the “dark field” Bµ has a field-theoretic interpretation
and can be included in the total unified model.
8 Experiments for geometric-optics limits of
wave equations for quarks and gauge bosons
Next, let us consider the relation between the classical equation of motion
and the massive fermion wave equation. The fermion wave equation can be
derived from the Lagrangian (19) in inertial frames,[9]
iγµJ
µν∂νψ −mψ + i
2
γµ[∂νJ
µν ]ψ = 0, (43)
where the fermion fields have been symmetrized. Using the expression for
the field ψ = ψoexp(iS),[26] we can derive the equation for the motion of a
classical objects in the presence of the gravitational tensor field φµν in flat
space-time,
Gµν(∂µS)(∂νS)−m2 = 0, Gµν = PαβJαµJβν . (44)
It is formally the same as the corresponding Hamilton-Jacobi equation in
general relativity.[27] Within the framework of Yang-Mills gravity in flat
space-time, we shall called (44) the Einstein-Grossmann equation of motion
for classical objects.3 It appears that the classical equation of motion must
have this particular form, (44), in order to describe accurately the motion
of big objects in the presence of gravity, no matter whether the theory is
based on curved or flat space-time.
In Yang-Mills gravity, the fundamental equation of geometrical optics
can be derived. After some calculations, we find a new eikonal equation,
which involves an effective metric tensor GµνL for a light ray,
GµνL ∂µΨ∂νΨ = 0, (45)
3Marcel Grossmann was associated with Einstein in elucidating the mathematical
foundation of general relativity.
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GµνL = G
µν − g
4
φµλJ
λν = ηαβ(η
µα + gφµα)(ηνβ +
3g
4
φνβ), (46)
in the geometric-optics (or classical) limit.
Equations (44) for fermions and (45) for gauge bosons are not exactly
the same due to their different gauge invariant interactions and different
properties of fields.
If the smaller term −(g/4)φµλJλν in the effective metric tensors GLµν
for the eikonal equations (46) is neglected, then both fermions and bosons
have the same effective Riemannian metric tensors in the geometric-optics
limit. In view of the good agreement between the effective metric tensor
Gµν in (44) and the perihelion shift,[9] the small additional term in GL
µν
given by (46) suggests a possible experimental test of Yang-Mills gravity.
Let us estimate the contribution of the smaller term (g/4)φµλJ
λν in (46)
to the bending of a light ray by the sun. In the presence of gravity, the
electromagnetic wave equation with the usual gauge condition ∂µA
µ = 0,
leads to the eikonal equation for a light ray (45) in the short-wavelength (or
geometric-optics) limit. Following the usual procedure, Yang-Mills gravity
predicts a smaller angle for the bending of a light ray,
∆φlight =
7Gm
2Ro
≈ 1.53′′, (47)
where Ro is the distance from sun’s center.[28, 4] The result (47) is smaller
than the usual value 1.75′′ in Einstein gravity by about 12%. So far, the ex-
perimental accuracy for the bending of a light ray (with optical frequencies)
by the sun is no better than 10%− 20%.[29]
If the experimental accuracy can be further improved to a few per-
cent, the difference between Yang-Mills gravity and Einstein gravity can
be tested. The significance of this experiment cannot be over emphasized
because it will indicate whether the Yang-Mills gravity with space-time
translational gauge group dictates the gravitational interaction.
We may remark that previous radar echo experiments are not suitable
to test Yang-Mills gravity with the new eikonal equation (45). The eikonal
equation has the simple effective metric tensor GµνL if and only if one takes
the geometric-optics (or high-frequency) limit. The radar echo experiments
used the frequencies 7840 MHz and 2300 MHz,[30] which are roughly 109
(1/sec) and are too small in comparison with the frequencies of visible light
ray ≈ 1014 (1/sec.). The eikonal equation (45) is expected to be valid for
high-frequency waves such as visible light rays.
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9 Discussions and remarks
In connection with linear potentials, we note that quark confinement could
also be understood in terms of a linear potential with attractive force at
low energies.[8] For a linear potential to produce only attractive force be-
tween quarks and quarks, quarks and anti-quarks, and anti-quarks and
anti-quarks, the fields must be tensor of the second rank or scalar field.
But a scalar field cannot be a gauge field. This property suggests that
the relevant gauge symmetry is likely to involve both internal and external
gauge symmetries.4 It would be very interesting if the potentials at the
smallest distance scale inside hadrons between confined quarks and at the
large cosmic scale between galaxies with accelerated expansion are both
due to linear potentials associated with the fourth-order differential field
equations in the low energy approximation.[7, 8] If this turns out to be the
case, then ‘particle cosmology’ would be very interesting in the physics of
the future.
We may remark that an important difference between Yang-Mills grav-
ity and Einstein gravity is that the simple ‘effective Riemann metric tensor’
GµνL given by (45) is only for a high frequency light ray, while the inherent
space-time metric tensor in Einstein gravity can be applied to an electro-
magnetic wave with any frequency. Thus, if the radar wave in the echo ex-
periment can be replaced by electromagnetic waves with higher frequencies,
say, laser light, then it could also test Yang-Mills gravity versus Einstein
gravity.
The total-unified model is not renormalizable by naive power counting.
It is not clear whether the T4 gauge symmetry could change the situation
at higher orders. The usual argument based on the running coupling con-
stant may not be air-tight, because the gravitational coupling has not been
included. Thus, the usual properties and conclusions in gauge field theories
cannot be taken for granted in the total-unified model. Furthermore, the
most complicated couplings of the graviton with itself and other particles
are the 4-vertex, as shown in (25), (26), (29) and ref. 13, in the total-unified
model. In contrast, in the (Feynman) quantization of Einstein gravity, the
graviton can have N-vertex of self-coupling, where N is an arbitrarily large
number.
In the total-unified model, Yang-Mills gravity reveals the flat space-
time translational origin of the gravitational field φµν and leads to an ef-
fective curved space-time for the motion of classical objects. It is a logically
and experimentally consistent gauge theory, which represents an alternative
to Einstein gravity. Furthermore, Yang-Mills gravity with flat space-time
4It appears that gauge fields associated with only internal gauge symmetry will lead
to both attractive and repulsive forces, just like the electromagnetic force.
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translational gauge symmetry paves the way to unify all interactions based
on a generalized Yang-Mills framework. In this sense, the total-unified
model is a satisfactory framework that could accommodate all fundamen-
tal laws of physics in a unified manner and could be consistent with the
accelerated expansion of the universe. These properties could be considered
as an advantage of Yang-Mills idea of gauge symmetry and, furthermore,
the total-unified model supports the idea that gauge symmetries dictate
interactions, as advocated by Utiyama, Yang and others.[11]
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